Background/Aims: Periapical periodontitis is caused by bacterial infection and results in both bone destruction and tooth loss. Osteopontin (OPN) is a secreted phosphorylated glycoprotein that participates in bone metabolism. Methods: Thirty-three patients with chronic periapical periodontitis and 10 patients who had undergone the orthodontic removal of healthy tooth tissue (control) at the periodontal ligament were investigated, and an animal model of mouse periapical periodontitis was established for an in vivo analysis. The relationship between OPN and bone destruction during periapical periodontitis was analyzed. Osteoblasts and osteoclasts were cultured in vitro and treated with lipopolysaccharide. An inhibitor of NF-κB was used to pretreat the transfected cells. Results: OPN increased osteoclast proliferation and differentiation, but reduced osteoblasts proliferation and differentiation. OPN activated the NF-κB pathway during periapical periodontitis and accelerated the transfer and phosphorylation of P65 from the cytoplasm to the nucleus. Conclusion: This study demonstrated that OPN played important roles in the progression of periapical periodontitis, and a dual role in bone metabolism during periapical periodontitis, linking osteoclasts and osteoblasts. The underlying mechanism may be related to the NF-κB pathway.
Introduction
Periapical periodontitis is caused by pulpal infection. The major clinical manifestation of periapical periodontitis is the destruction of the apical alveolar bone [1] . Bacterial lipopolysaccharide (LPS) is the main cause of periapical periodontitis because it stimulates the body's local immune response. A large number of inflammatory cells are activated after the release of inflammatory mediators, cytokines and enzymes, leading to the destruction of the apical tissue, the formation of inflammatory granulation tissue, and alveolar bone
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destruction [2] [3] [4] . The dynamic balance between osteoblasts and osteoclasts is the critical link in the process of periapical bone remodeling [5] . OPN is a secretory glycosylated extracellular matrix protein with many biological activities. It is a multifunctional matrix protein that is widely involved in the progression of bone-related diseases [6] . A number of studies have shown that OPN promotes osteoclast adhesion and improves the osteocytes activity of osteoclasts. When the OPN gene was knocked out, the number of osteoclasts decreased significantly [7, 8] .
Many studies have examined the role of cytokines in pathogenesis at the periapical circumference [9, 10] , but there has been little research into the role of OPN in periapical periodontitis. In the present study, we investigated the function of OPN and analyzed the relationship between OPN and chronic periapical periodontitis. We provide evidence that OPN is involved in the pathogenesis of this disease.
Materials and Methods

Tissue samples
Thirty-three patients with chronic periapical periodontitis and 10 patients, who had undergone the orthodontic removal of healthy tooth tissue at the periodontal ligament (controls), at the Dental Hospital of Dalian Medical University between June 2016 and March 2017, were enrolled in the study. Informed consent was obtained from all the patients. The clinical subjects were divided into three groups. The samples from the first group were used to detect periapical-periodontitis-associated genes expressions; the samples from the second and third groups were used to detect periapical-periodontitis-associated protein expression with western blotting and immunohistochemistry, respectively. The subject inclusion criteria were: (1) the patient was in good health, with no systemic or periodontal disease; (2) the patient had taken no antibiotic or nonsteroidal anti-inflammatory drug within the preceding month; (3) on a dental examination, the teeth showed no pulp vitality, and the patient had undergone no pulp treatment and had no obvious percussive or spontaneous pain; (4) X-rays showed a slight shadow on the root, of about 2.5 × 2.5 mm 2 ; (5) the teeth required removal after the clinical diagnosis; and (6) the teeth showed periapical lesions.
Real-time PCR
The samples were added to Trizol Reagent (Trizol RNA Extractor, Sanggon Biotech, Shanghai, China) to extract the total RNA. The reverse transcription (RT) reaction was performed in a volume of 20 μL, with the PrimeScript RT Reagent Kit with gDNA Eraser (TaKaRa, Dalian, China), according to the manufacturer's instructions. The total real-time PCR volume was 25 μL, prepared according to the instructions for the TaKaRa SYBR® Premix Ex Taq™ II kit (TaKaRa). Real-time quantitative PCR was used to detect the target genes with specific primers: OPN, 5'-GGTGATGTCCTCGTCTGTAGCA-3' and 5'-GATGAATCTGATGAACTGGTCACT -3'; NF-κB, 5'-TGTCAGAGCCCTTGTAACTG-3' and 5'-CTGTGGGTAGGATTTCTTGT-3'; MMP9, 5'-GCTTTCGGCTGCAGCTCTGCTG-3' and 5'-GAGGCCTTTGAAGGTTTGGAAT-3'; cathepsin K, 5'-CTGAGAATGTGGCTGTGGAG-3' and 5'-TACCCTCTGCATTTAGCTGCC-3'; and glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 5'-GTATCGGACGCCTGGTTA-3' and 5'-CATTTGATGTTAGCGGGAT-3'. The data were analyzed with the 2 −ΔΔCt method. Each real-time PCR contained 12.5 μL of SYBR® Premix Ex Taq™ II (TaKaRa), 2 μL of primer mix, 1 μL of cDNA, and 9.5 μL of deionized water in a final total volume of 20 μL. All PCRs were performed for 40 cycles and were run in triplicate.
Western blotting
Equal amounts of protein extracts (50 μg) were separated with 12% sodium dodecyl sulfate -polyacrylamide gelelectrophoresis and transferred to nitrocellulose filter membranes. The membranes were blocked in 5% non-fat milk in Tris-buffered saline containing 0.1% Tween 20 (TBST) for 3 h at room temperature and then incubated overnight at 4°C with specific anti-OPN (diluted 1:1, 000; Abcam, Cambridge, UK), anti-cathepsin K, anti-NF-κB, or anti-MMP9, antibody (diluted 1:500; Elabscience, Wuhan, China), anti-RANKL, anti-caspase3, anti-PARP1 or anti-OPG antibody (diluted 1:400; Elabscience), or anti-GAPDH antibody (diluted 1:5, 000; Abcam). After the membrane was washed three times with TBST (10 min each wash), it was incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit, anti-goat, or anti-mouse secondary antibody (diluted 1:2, 000) for 45 min at room temperature. The membranes were processed with enhanced chemiluminescence (ECL) and visualized with Bio-Rad Laboratories.
Immunohistochemistry
The mandibular tissues were decalcified at room temperature for 21 days with 4.13% EDTA and washed three times with phosphate-buffered saline (PBS). Sucrose (20%) was added and the samples stored at 4 °C. Serial sections (8 μm) were prepared from the mandibular tissues. A working solution of normal goat serum was added and the sections were incubated for 60 min at room temperature. The samples were probed overnight at 4 °C with primary antibodies directed against OPN (diluted 1:100), cathepsin K, NF-κB, or MMP9 (diluted 1:50), RANKL and OPG (diluted 1:200), or GAPDH and β-actin (diluted 1:150), and immunoglobulin G (IgG) was used as the negative control. The sections were washed with PBS and incubated with a biotinylated secondary antibody for 40 min at 37°C. The sections were washed with PBS and then incubated with streptavidin horseradish peroxidase for 40 min at 37°C. Positive reactions were visualized with a 3, 3'-diaminobenzidine tetrahydrochloride (DAB) -labeled peroxidase substrate for 6 min. Positive cells were observed with microscopy. The total number of positive cells (20x objective lens, units/lesion) in the proximal alveolar bone region (n = 5) of the mandibular first molar were counted under an Olympus BX43 light microscope. The mean number of positive cells in five consecutive sections was recorded for each specimen.
Animal experiments
A total of 40 wild-type male C57BL/6J mice, weighing 20-22 g, were supplied by Dalian Medical University, and were housed in an animal control facility under a 12h light/dark cycle, with a mean illumination of 80 l×. The animals were maintained at 22 ± 2 °C. All procedures were conducted in accordance with the Institutional Guidelines for the Care and Use of Laboratory Animals of Dalian Medical University, and all protocols were approved by the Institutional Animal Care and Use Committee of Dalian Medical University. After odontotrypy of the right mandibular first molar with small ball dental drill, the mice were randomly divided into four groups, each of which contained eight mice. At each time point (0, 1, 2, 3, and 4 weeks), the mandibular apical tissues of four mice were prepared for micro computed tomography (micro-CT), enzyme histochemistry, and immunohistochemical staining, and those from another four mice were used for real-time PCR. The specific primers used were: OPN, 5'-ACACTTTCACTCCAATCGTA-3' and 5'-TGCCCTTTCCGTTGTTGTCC-3'; NF-κB, 
Micro-CT
The apical bone tissue of the first molar was scanned with Xradia MicroXCT-400 (Xradia, CA, USA). The scanning conditions were 109 kV and 9 W, the exposure time was 5 s, and the pixel value was 20.0 μm. The data were saved as DICOM data. We used the Mimics 16.0 software (Materialize, Belgium) to reconstruct the volume of the first molar periapical bone destroyed and used the software to calculate the three-dimensional volumes.
Enzyme histochemistry
The staining buffer was prepared with 0.5 mL of Fast Garnet GBC Base, 0.5 mL of sodium nitritep, 45 mL of distilled deionized H 2 O, 0.5 mL of AS-BI phosphate, 2 mL of acetate, and 1.0 mL of tartrate, according to the instructions of the Acid Phosphatase, Leukocyte (TRAP) Kit (387A-1K; Sigma-Aldrich, St. Louis, MO, USA). The tablets were immersed in the fixative for 30 s and then placed in the staining solution and incubated at 37 °C for 1 h. The slices were then placed in Hematoxylin Solution, Gill No. 3 for 2 min. The osteoclasts in the apical lesions of the mandibular first molar (n = 5) were counted from photographs taken with an Olympus BX43 light microscope. Three noncontiguous sections were randomly selected to represent each tissue sample.
Cell culture RAW264.7 and MC3T3-E1 cells (American Type Culture Collection, Manassas, VA, USA) were grown in Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum, 0.005 mg/mL insulin, 100 U/mL penicillin, and 100 µL/mL streptomycin. The cells were maintained at 37 °C under 5% CO 2 in humidified air. The Cells (1 x 10 6 ) were seeded into 6-well plates, and when they had reached 80% confluence, they were washed three times with PBS. Osteoclasts were induced with 100 ng/mL RANKL (Abcam). The tartrate-resistant acid phosphatase (TRAP) activity was detected with a Tartrate Resistnt Acid Phosphatase Colorimetric Assay Kit, according to the manufacturer's instructions to determine the morphological characteristics of the osteoclasts. The TRAP activity was detected with a /mL, and the cells were cultured in DMEM containing osteogenic induction solution (osteogenic inducer: 10 nmol / L dexamethasone, 10 mmol / L β-sodium glycerophosphate, 50 μg/mL vitamin C). The alkaline phosphatase (ALP) activity was detected with an Alkaline Phosphatase Assay kit (Beyotime Biotechnology, China). The expression of the RUNX-2 and ALP mRNAs was detected with real-time PCR. The cells were stained with Alizarin Red (Sanggon Biotech) after 21 days to observe the formation of calcified nodules in the osteoblasts. The medium was removed from the plates and the cells were washed three times with PBS. The cells were fixed with 95% ethanol for 10 min and incubated with Alizarin Red dye for 30 min, and the results were recorded after drying. The specific primers used were: RUNX-2, 5'-CCGAAATGCCTCCGCTGTTATG-3' and 5'-GGATTTGTGAAGACTGTTATGGT-3'; ALP, 5'-CTGATGTGGAATACGAACTGGA-3' and 5'-AGTGGGAATGCTTGTGTCTGG-3'; IL-6, 5'-GACAAAGCCAGAGTCCTTCAGAG -3' and 5'-TCCTTAGCCACTCCTTCTGTGAC -3' and TRAP, 5'-GGGTCACTGCCTACCTGTGT-3' and 5'-TCATTTCTTTGGGGCTTATCTC-3'.
Cell Counting Kit-8 (CCK-8)
The cells were seeded in 96-well plates at 100 μL per well (n = 10 3 cells) and cultured for 24 h before 10 μL of CCK-8 solution was added to each well. The plates were incubated for 4 h. Absorbance (OD) at 450 nm was measured.
Short interfering RNA (siRNA) knockdown and vector-mediated overexpression experiments
RAW264.7 and MC3T3-E1 cells were seeded in 6-well plates. For the knockdown experiments, siRNA targeting the Opn gene (OPN-siRNA; 50 or 200 nmol/well) and a negative control siRNA were purchased from GenePharma (Suzhou, China). For the overexpression experiments, an OPN-overexpressing vector (Over-OPN plasmid; 100 or 200 nmol/well) was purchased from GenePharma. RAW264.7 and MC3T3-E1 cells were transfected with the OPN-siRNA or Over-OPN plasmid using Xfect RNA Transfection Reagent and Xfect Transfection Reagent (TaKaRa) respectively. The transfection efficiency was determined with realtime PCR and western blotting.
Indirect immunofluorescent staining
The cells were fixed with ice-cold methanol for 10 min and rinsed three times with PBS for 5 min each. A working solution of normal goat serum was added, the samples were incubated for 20 min at room temperature, They were then probed with the primary antibody (anti-NF-κB, diluted 1:100) overnight at 4°C, and IgG was used as the negative control. All antibodies were diluted with PBS. F-actin was detected with fluorescein isothiocyanate (FITC)-conjugated phalloidin (Sigma-Aldrich) diluted in phosphate buffer (50 g/ mL). The cells were incubated with 4', 6-diamidino-2-phenylindole (DAPI) for 5 min at room temperature and washed again three times. The expression of NF-κB in the nucleus was observed with microscopy.
Statistical analysis
Data are expressed as mean ± SEM. Significant differences between test groups were analyzed with one-way analysis of variance and the Student-Newman-Keuls test, P<0.05 was considered to be significant.
Results
Elevated expression of OPN, NF-κB, MMP9
, and cathepsin K in chronic periapical periodontitis Real-time PCR showed that the expression of OPN, nuclear factor kappaB (NF-κB), matrix metalloproteinase 9 (MMP9), and cathepsin K (CTSK) was significantly higher in the chronic periapical periodontitis patients than in the control subjects (P < 0.05) (Fig. 1A) . A correlation analysis showed that OPN mRNA expression correlated with that of NF-κB and cathepsin K, but not with that of MMP9 (Fig. 1B) . Immunohistochemistry and western blotting showed that the expression of OPN, NF-κB, MMP9, and cathepsin K was significantly higher in the group with chronic periapical periodontitis than in the control group (P < 0.05) (Fig. 1C-D) . 
Expression of OPN, NF-κB, MMP9, and cathepsin K and the numbers of osteoclasts in mice with periapical periodontitis
Real-time PCR and immunohistochemistry showed that the expression of OPN, NF-κB, and cathepsin K increased from week 1 to week 2 in the model mice, and peaked in week 2. At 3-4 weeks, their expression decreased. However, the expression of MMP9 increased continuously, peaking in week 4. TRAP staining showed that the expression of osteoclasts peaked in week 2 (P < 0.05). TRAP-positive cells increased substantially from week 1 to week 2 and then gradually decreased from week 2 to week 4 (P < 0.05; Fig. 3A, B, and D) . A correlation analysis showed that OPN expression correlated with NF-κB, cathepsin K, and TRAP expression (P < 0.01), but only slightly with MMP9 expression (P < 0.05; Fig. 3C ).
Effects of LPS on the differentiation and activity of induced RAW264.7 and MC3T3-E1 cells
An in vitro osteoclast induction model was established. Using RAW264.7 cells in the logarithmic growth phase, the cell concentration was adjusted to 1.5 × 10 4 /ml, and the cells were induced with 100 ng/mL RANKL. TRAP staining was performed to determine the morphological characteristics of the osteoclasts. The number of TRAP-positive multinucleate osteoclasts (n ≥ 3 nuclei) was counted under a microscope. The number of osteoclasts increased significantly for 5 days after induction, indicating the successful differentiation of the RANKL-induced osteoclast precursor RAW264.7 cells into osteoclast cells (Fig. 4A) . Fig. 4B shows that the expression of the mRNAs of osteoclast markers cathepsin K, interleukin 6 (IL-6), and TRAP had increased after induction for 5 days. MC3T3-E1 cells in the logarithmic growth phase were cultured in DMEM containing osteogenic induction solution for 0, 3, 5, or 7 days, stained with Alizarin Red, and their ALP activity measured. Alizarin Red showed that the osteoblasts were induced after 21 days, when mineralized nodules were observed with the naked eye and red calcite was observed under an optical microscope (Fig.  4 C-D) . ALP is a marker of the early differentiation in MC3T3-E1 cells, and its main role is to 
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promote osteoblast maturation and calcification. In the initial stage of culture, the level of secreted ALP was low, but the content of ALP gradually increased with time, peaking on day 7 (Fig. 4E) . The mRNA expression of the osteoblast markers RUNX-2 and ALP increased after induction for 5 days (Fig. 4F) . A CCK-8 assay was used to determine the optimal concentration of LPS to be used to estimate its effects on RAW264.7 and MC3T3-E1 cells. We tested various different concentrations of LPS (0, 1, 10, 10
, or 10 4 ng/mL). The results showed that 10 2 ng/mL LPS was the optimal concentration for RAW264.7 cells, and 10 3 ng/mL LPS was the best concentration for MC3T3-E1 cells (Fig. 5A) . After 24 h in culture, 10 2 ng/mL LPS increased the proliferation and TRAP activity of the RAW264.7 cells, and both parameters were even higher after 48 h (P < 0.05), indicating that LPS promoted the proliferation and differentiation of RAW264.7 cells. In contrast, 10 3 ng/mL LPS inhibited the proliferation and differentiation of MC3T3-E1 cells, and cellular proliferation and ALP activity were significantly lower after 48 h than after 24 h (P < 0.05; Fig. 5B-C) . Western blotting showed that the expression of caspase3 and poly ' ADP-ribose polymerase 1 (PARP1) increased when MC3T3-E1 cells were treated by LPS (Fig. 5D ), indicating that LPS promoted the apoptosis of MC3T3-E1 cells. Real-time PCR and western blotting showed that the expression of OPN, NF-κB, MMP9, and cathepsin K was higher in the LPS-treated cells than in the control cells (Fig. 5E-F) . 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
OPN regulates factors involved in bone destruction through the NF-κB signaling pathway in vitro
RAW264.7 and MC3T3-E1 cells were transfected with the OPN-siRNA or Over-OPN plasmid. Real-time PCR and western blotting confirmed the successful transfection of the plasmids (Fig. 6A-D) . The effects of OPN on the proliferation of the two kinds of cells were detected with a CCK-8 assay. The effects of OPN on the differentiation of the two kinds of cells were detected by measuring TRAP and ALP expression. The CCK-8 assay was used to construct a cell growth curve. The absorbance of the RAW264.7 and MC3T3-E1 cells were measured at 0, 24, and 48 h. The average value at each time point was used to construct a line chart. The growth of the RAW264.7 cells was significantly inhibited after OPN was silenced, whereas the growth of the MC3T3-E1 cells was significantly enhanced. After the transfection of Over-OPN, the growth of the RAW264.7 cells was significantly enhanced, whereas the growth of the MC3T3-E1 cells was significantly inhibited (Fig. 6E) . Western blotting showed that the expression of caspase 3 and PARP1 increased when the RAW264.7 cells were transfected with OPN-siRNA and the MC3T3-E1 cells were transfected with Over-OPN (Fig. 6F) . This result shows that OPN promoted the growth of RAW264.7 cells, but inhibited the growth of 
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MC3T3-E1 cells. The result for TRAP shows that OPN-siRNA reduced the differentiation of RAW264.7 cells, in contrast to the effect of Over-OPN. The results for ALP showed that OPNsiRNA enhanced the differentiation of MC3T3-E1 cells, whereas Over-OPN reduced it (Fig.  6G) . Western blotting demonstrated that the expression of NF-κB, MMP9, and cathepsin K decreased when RAW264.7 cells were transfected with OPN-siRNA. However, the levels of phospho-NF-κB (p-NF-κB), NF-κB, MMP9, and cathepsin K were significantly upregulated Fig. 7 . OPN regulates factors associated with bone destruction through the NF-κB signaling pathway in vitro. (A) Expression of NF-κB, RANK, and cathepsin K decreased in RAW264.7 cells after their transfection with OPN-siRNA, but increased significantly after their transfection with Over-OPN. After PDTC treatment, the overall trends in expression were significantly reduced. (B) Immunofluorescence showed that when the cells were transfected with OPN-siRNA, the amount of NF-κB in the nucleus decreased. When the cells were transfected with Over-OPN, the amount of NF-κB in the nucleus increased. After the addition of PDTC, NF-κB expression in the nucleus decreased. All images are presented at 200× magnification. (C) OPN may accelerate the nuclear translocation of NF-κB via different upstream pathways, and its translocation is necessary for the regulatory activities of the NF-κB pathway. Therefore, we suggest that OPN regulates these proteins by activating the NF-κB signaling pathway.
when the cells were transfected with Over-OPN. When MC3T3-E1 cells were transfected with OPN-siRNA, western blotting showed that the p-NF-κB, NF-κB, and RANKL levels decreased, whereas the expression of the bone-formation marker osteoprotegerin (OPG) increased. In MC3T3-E1 cells transfected with Over-OPN, the expression of NF-κB and RANKL increased, whereas the expression of OPG decreased. When pyrrolidine dithiocarbamate (PDTC), an inhibitor of NF-κB, was used to pretreat the transfected cells, the expression of these markers showed the same trends. However, their expression decreased after PDTC treatment, indicating that PDTC inhibited the expression of NF-κB, and that OPN positively regulated NF-κB expression (Fig. 7A) . In normal cells, NF-κB was detected mainly in the cytoplasm, with weak expression in the nucleus. Twenty-four hours after LPS treatment, the nucleus showed strong red fluorescence, and the cytoplasmic expression of NF-κB was reduced. After transfection with Over-OPN, the fluorescence of nuclear NF-κB was significantly enhanced. However, the fluorescence of NF-κB in the nucleus decreased significantly after OPN was silenced. After PDTC treatment, the fluorescence of NF-κB in the nucleus significantly decreased or even disappeared, and there was strong red fluorescence in the cytoplasm (Fig.  7B) . These results suggested that LPS, an endotoxin, activated the NF-κB signaling pathway. OPN promoted the nuclear transfer of NF-κB, so OPN regulated the expression of NF-κB in the nucleus. OPN levels correlated positively with NF-κB levels, which was highly consistent with the western blotting results.
The results of this study showed that in osteoblasts transfected with Over-OPN, the NF-κB subunit P65 was strongly expressed in the nucleus, whereas when they were transfected with OPN-siRNA, nuclear NF-κB P65 was present at low levels. Therefore, we suggest that OPN accelerates the nuclear translocation of NF-κB via different upstream pathways. This translocation of NF-κB is also a necessary condition for the regulatory role of the NF-κB pathway. The protein levels of NF-κB P65 and p-P65 were also determined. When OPN was significantly upregulated, p-P65 levels were higher than P65 levels, which may be related to the modification of the protein. Over-OPN upregulated the expression of cathepsin K and MMP9, whereas OPN-siRNA downregulated their expression. In osteoblasts transfected with Over-OPN, the expression of NF-κB P65 tended to be the same as in osteoclasts. OPN had a positive effect on RANKL expression, whereas the expression of OPG negatively affected RANKL expression, which further explained the inhibitory effect of OPN on OPG (Fig. 7C) .
Discussion
A periapical lesion is caused by bacteria in the periapical tissue, and is accompanied by local bone resorption [11] . LPS is a pathogenic component of Gram-negative bacteria that induces a series of inflammatory reactions. It is also one of the main causes of bone resorption [12] . LPS induces osteoclast formation through the RANKL pathway to support osteoclast survival and fusion. LPS also stimulates the secretion of tumor necrosis factor α (TNF-α) and induces cell transformation into osteoclasts [13, 14] . Several studies have shown that LPS also directly induces osteoblast necrosis and apoptosis. In a study of fracture healing in an animal model, the injection of LPS delayed the healing of fractures and reduced the strength of the new bone [15] [16] [17] .
OPN is a secreted phosphorylated glycoprotein that was first discovered in bone tissue [18, 19] . The primary protein structure of OPN contains the highly conserved arginine-glycineaspartate (RGD) sequence, which is involved in cell chemotaxis and adhesion [6, 20] . OPN participates in a variety of metabolic processes, including bone metabolism, tumor growth, and metastasis. It contains seven exons and six introns, and is encoded on chromosome 4. In the bone, OPN is secreted by osteoblasts, osteoclasts, and bone cells, and plays a very important role in bone resorption [21] [22] [23] [24] [25] . In healthy bones, OPN is located at sites of new bone formation. Importantly, its RGD sequence allows it to mediate osteoblast and osteoclast adhesion [26] [27] [28] . Therefore, we hypothesize that OPN is expressed in chronic periapical lesions. In this study, we investigated whether OPN is chronically expressed and analyzed the relationship between OPN and other inflammatory factors in chronically affected human tissues. The expression of OPN, NF-κB, MMP9, and cathepsin K was significantly higher in tissues affected with periapical lesions than in the control tissues, perhaps because OPN plays a role in maintaining the normal physiological metabolic activity of apical tissues. After the cells were stimulated by external factors, the activity of OPN changed, and it played a Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry role in bone destruction in the periapical tissues. A correlation analysis showed that OPN correlated with NF-κB and cathepsin K, but not with MMP9. This indicated that other pathways are involved in the release of MMP9 during the process of the chronic diseases caused by many bacteria. To verify the mechanism of OPN action in periapical lesions, we first used immunohistochemistry and real-time PCR to determine the expression of OPN in mice. Our results showed that OPN is expressed throughout development. OPN expression and osteoclast numbers showed the same trends from week 1 to week 4 of infection, and correlated positively, suggesting that under pathological conditions, inflammatory factors activate the differentiation of osteoclasts and inhibit that of osteoblasts, leading to bone destruction and dissolution.
In this study, we confirmed that LPS directly promotes the differentiation and proliferation of osteoclasts but inhibits the differentiation and proliferation of osteoblasts. OPN increases the expression of TRAP, cathepsin K, and MMP9, which play important roles in regulating osteoclast differentiation and bone desorption. OPN enhances the movement and aggregation of osteoclasts and promotes the adhesion of osteoclasts to the bone matrix. Several studies have confirmed that OPN interacts with integrin αvβ5 to regulate osteoclast activity and induces TRAP to degrade the bone matrix [29, 30] . Others studies have shown that OPN stimulates CD44 expression and that CD44 increases the activity of osteoclasts and promotes bone desorption. When the Opn gene was knocked out in mice, the expression of CD44 in their osteoclasts was significantly reduced [31, 32] . In the process of bone remodeling, osteoblasts produce the OPN stored in the bone matrix [9, 30, 33] . When the bone is absorbed, OPN is released from the bone matrix and adheres to osteoblasts. Therefore, OPN is generally considered to promote bone mineralization [24] [25] [26] 34] . However, Huang reported that OPN inhibited the proliferation and differentiation of osteoblasts in vitro, and that the overexpression of OPN inhibited mineral deposition in bone tissue [21] . Our results confirmed that OPN inhibits osteoblast proliferation and differentiation and promotes osteoclast proliferation and differentiation.
RANKL has a strong capacity to induce osteoclast activity. RANKL has two ligands, RANK and OPG [1, 17] . In this study, we showed that the NF-κB pathway regulates the binding of RANKL to RANK to promote osteoclast differentiation and the activation of bone damage [13, 35, 36] . This process also involves the binding of OPG to RANKL, which, on the one hand, reduces the chance of RANK binding RANKL, and on the other hand, inhibits osteoclast differentiation, regulates bone reconstruction, improves bone density, and maintains bone homeostasis [34, 37] .
Conclusion
OPN activates the NF-κB pathway and accelerates the transfer and phosphorylation of p-NF-κB P65 from the cytoplasm to the nucleus. In the nucleus, p-NF-κB P65 regulates the transcription of genes encoding bone transcription factors, affecting osteogenesis and osteoclast synthesis and the secretion of bone-damaging factors, and ultimately leading to bone destruction. How OPN activates the NF-κB pathway, which may involve pathways not investigated here, will be the future direction of our research into the regulatory mechanisms of OPN.
